Background: MALAT1, a highly conserved long non-coding RNA (lncRNA), acts as oncogene in multiple human cancers. Results: miR-101 and miR-217 can silence MALAT1 expression and then inhibit esophageal cancer proliferation, migration and invasion. Conclusion: Tumor suppressor miR-101 and miR-217 can negatively regulate MALAT1 expression. Significance: These data provide a new mechanism for MALAT1 regulation. MALAT1, a highly conserved long noncoding RNA, is deregulated in several types of cancers. However, its role in esophageal squamous cell carcinoma (ESCC) and its posttranscriptional regulation remain poorly understood. In this study we provide first evidences that a posttranscriptional regulation mechanism of MALAT1 by miR-101 and miR-217 exists in ESCC cells. This posttranscriptional silencing of MALAT1 could significantly suppress the proliferation of ESCC cells through the arrest of G 2 /M cell cycle, which may be due to MALAT1-mediated up-regulation of p21 and p27 expression and the inhibition of B-MYB expression. Moreover, we also found the abilities of migration and invasion of ESCC cells were inhibited after overexpression of miR-101, miR-217, or MALAT1 siRNA. This might be attributed to the deregulation of downstream genes of MALAT1, such as MIA2, HNF4G, ROBO1, CCT4, and CTHRC1. A significant negative correlation exists between miR-101 or miR-217 and MALAT1 in 42 pairs of ESCC tissue samples and adjacent normal tissues. Mice xenograft data also support the tumor suppressor role of both miRNAs in ESCCs.
eastern Asia ESCC shows a relatively high morbidity and mortality compared with Western countries (1) . Epidemiological evidences indicate that heavy alcohol drinking, tobacco smoking, micronutrient deficiency, and dietary carcinogen exposure are major environmental risk factors of this fatal disease (2, 3) . However, only a part of exposed individuals eventually develop ESCC, demonstrating that host genetic components may also contribute to ESCC etiology (2) (3) (4) (5) (6) (7) .
Multiple cancer causal protein-coding genes, either as oncogenes or tumor suppressors, have been identified in the majority of cancer-associated human genomic loci (8) . Accumulated evidences indicate that noncoding RNA (ncRNA) genes also play a crucial role in malignant transformation and/or cancer progression (9 -11) . Among different kinds of ncRNAs, the discovery of endogenous ϳ22 nucleotides ncRNAs, named microRNAs (miRNAs), not only disclosed a new layer of gene expression regulation but also revealed the direct involvement of ncRNAs in tumorigenesis (12, 13) . Recently, many long ncRNAs (lncRNAs) ranging in size from several hundred base pairs (bp) to tens of thousands bp have been identified as a new class of cancer-associated ncRNAs in human (9 -11) . Among Ͼ3000 human lncRNAs, Ͻ1% have been functionally characterized (14) . Metastasis associated in lung adenocarcinoma transcript 1 (MALAT1; also known as NEAT2) is a highly conserved mRNA-like lncRNA that was originally identified with high expression in metastatic non-small-cell lung cancer (15) . It has also been found that MALAT1 is overexpressed in many other human malignancies, including breast, pancreas, colon, prostate, and liver (16) . Functional studies showed that its deregulation influences proliferation, invasion, and/or metastasis of multiple cancer cells (17) (18) (19) (20) (21) (22) (23) . Therefore, fine-regulation of MALAT1 is critical for cancer development.
Interestingly, lncRNAs may potentially interact with miRNAs and modulate each other's expression. On the one hand, lncRNAs may function as a competing endogenous RNAs to miRNAs. On the other hand, miRNAs could inhibit expression of lncRNAs through Argonaute 2 (Ago2)-mediated pathway (24 -28) . However, how lncRNA MALAT1 is regulated by miRNAs at the transcriptional level and its involvement in ESCC remains largely unknown. In the current study we found that miR-101 and miR-217 could silence MALAT1 in ESCCs, and this posttranscriptional regulation may lead to inhibition of growth, invasion, and metastasis of ESCC cells.
MATERIALS AND METHODS
Quantitative Real-time PCR-Total RNA was isolated from either culture cells or tissue samples using TRIzol reagent (Invitrogen). RNA samples were reverse-transcribed (RT) into cDNA with different RT primers using Revert Ace kit (TOYOBO, Osaka, Japan). PCR primers used for detecting MALAT1, ␤-actin, and MALAT1 downstream genes (p21, p27, B-MYB, MIA2, HNF4G, ROBO1, CCT4, and CTHRC1) were described previously (17, 18, 23) . Stem-loop RT-PCR primers for human miR-101, miR-217, and U6 were synthesized by Ribobio (Guangzhou, China). For miR-101, miR-217, and U6 detection, RNA samples were reverse-transcribed into cDNA using Revert Ace transcriptase by specific stem-loop RT primers according to the manufacturer's instruction. The stem-loop PCR was performed as previously described (26) . Transcript levels were measured against an endogenous control by quantitative PCR using the SYBR Green I fluorogenic dye using the Mastercycler ep realplex system (Eppendorf, Hamburg, Germany).
Plasmid Construction-Total RNA was extracted from KYSE30 cell line and reverse-transcribed into cDNA. The sequence corresponding to the wild-type MALAT1 3Ј end was amplified by PCR and inserted in the XbaI restriction site of the reporter plasmid pGL3-control (Promega). The primers used were as follows: 5Ј-AACTCTAGAGCTTGGCTCTTCCTTCTGTTC-3Ј/5Ј-AACTCTAGACCTCAACACTCAGCCTTTATC-3Ј. The plasmid was named as pGL3-MAL. For construction of MALAT1 reporter gene plasmids with a mutant miR-101 binding site or a mutant miR-217 binding site, the Quik-Change site-directed mutagenesis kit (Stratagene) was used according to the manufacturer's construction. These mutant plasmids were named as pGL3-mut101 or pGL3-mut217. Wildtype and mutant inserts were confirmed by DNA sequencing.
Dual Luciferase Reporter Gene Assays-A firefly luciferase reporter plasmid (pGL3-MAL, pGL3-mut101, or pGL3-mut217) and a renilla luciferase vector (pRL-SV40, Promega) plus small RNAs (miR-101 mimics, miR-217 mimics, or negative control RNAs) were co-transfected into KYSE30, KYSE150, or KYSE450 cells with Lipofectamine 2000 (Invitrogen). Three independent transfection experiments were performed, and each was done in triplicate. Firefly luciferase activities derived from pGL3-control-derived plasmids were normalized to renilla luciferase activity from pRL-SV40 using a luciferase assay system (Promega) as reported previously (29, 30) .
Cell Proliferation Assays-Human ESCC cell lines (KYSE30, KYSE150, and KYSE450) were cultured in RMPI 1640 medium (Invitrogen) supplemented with penicillin-streptomycin and 10% fetal bovine serum (Hyclone) at 37°C with 5% CO 2 . KYSE30 and KYSE150 cells were seeded in 12-well plates at a density of 1 ϫ 10 5 cells per well. KYSE450 cells were seeded in a 12-well plate at a density of 2 ϫ 10 5 cells per well. Cells were transfected with 10 nM miR-101 mimics, miR-217 mimics, negative control RNA (NC), or MALAT1 siRNAs (siM) (Genepharma, Shanghai, China) combined with Lipofectamine RNAi Max (Invitrogen). Cells were then harvested by trypsin digestion, washed in cold PBS twice, dyed with trypan blue, and counted under microscopy at 24 and 48 h after transfection.
Colony Formation Assays-A total of 8000 KYSE150 cells were transfected with 10 nM NC RNA, miR-101 mimics, miR-217 mimics, or siM into a 6-well cell culture plate. After 14 days, cells were washed with cold PBS twice and fixed with 3.7% formaldehyde. After cancer cells were dyed with crystal violet, colony number in each well was counted.
Wound-healing Assays and Transwell Assays-When reaching ϳ90% confluence, the cell layer was scratched. Cells were then continued cultured at 37°C. The average extent of wound closure was quantified. During transwell assays, the transwell chambers were coated with 100 l of BD Biosciences Matrigel™ overnight in cell incubator. Cells (1 ϫ 10 4 cells in 200 l of medium with 0.2% BSA) transfected with 10 nM miR-101 mimics, miR-217 mimics, siM, or NC were added to upper transwell chambers (pore 8 m, Corning). A medium containing 10% FBS (650 l) was added to the lower wells. After 48 h of incubation, cells were fixed and stained, and the nonmigratory cells were scraped from the upper part of the filter. Cells migrated to the lower wells through pores were stained with 0.2% crystal violet solution and counted.
Flow Cytometry-Cells were transfected with 10 nM miR-101 mimics, miR-217 mimics, or NC and harvested at 48 h after transfection. After washing with cold PBS twice, cells were fixed with ethanol at Ϫ20°C overnight and washed with cold PBS twice again. After treatment with RNase A at 37°C for 0.5 h and dyed with propidium iodide, the samples were detected with the FACSCalibur flow cytometer (BD Biosciences). During apoptosis assays, apoptosis was determined using the Alexa Fluor 488 annexin V/Dead Cell Apoptosis kit (Invitrogen) with the FACSCalibur flow cytometer.
Tumor Tissue Specimens-Twenty-four pairs of ESCC tissues and esophagus normal tissues adjacent to the tumors were obtained from surgically removed specimens of ESCC patients in Shandong Cancer Hospital, Shandong Academy of Medical Sciences. Eighteen pairs of ESCC and normal tissues were obtained from Huaian No. 2 Hospital. The tumor tissues and adjacent normal tissues were frozen in liquid nitrogen after resection. No patients in the current study received chemotherapy or radiation therapy before the surgery. This study was approved by the institutional Review Boards. A part of the tissue samples has been reported previously (31, 32) .
ESCC Xenograft-Five-week-old female nude BALB/c mice were purchased from Vital River Laboratory (Beijing, China). To evaluate the tumor suppressor role of miR-101 and miR-217 in vivo, 1 ϫ 10 7 KYSE150 cells transfected with 30 nM miR-101, miR-217, or siM were inoculated subcutaneously into fossa axillaris of 12 nude mice (n ϭ 3 per group). Tumor volumes were measured three times a week. All procedures involving mice were approved by the institutional Review Board of Huaian No. 2 Hospital. data indicated that Ago2 bound to MALAT1 3Ј end (6615-6650 nucleotides (nt)). miRcode prediction indicated that this region might be targeted by miR-217, miR-101, miR-383, and miR-503. Homologous analysis of the potential miRNA binding sequence in the 100 vertebrates by PhastCons is shown. B, knockdown of Ago2 increases MALAT1 RNA expression. 10 nM siAgo2 duplexes or negative control RNA (NC) was transfected into KYSE30, KYSE150, and KYSE450 cells. MALAT1 (left) and Ago2 (right) expression was detected at 48 h after transfection. C, knockdown of Dicer results in elevated MALAT1 RNA expression. 10 nM siDicer duplexes or NC RNA was transfected into cells. MALAT1 (left) and Dicer (right) expression was detected at 48h after transfection. D, miR-101 and miR-217 inhibit MALAT1 RNA expression. 10 nM miR-101, miR-217, miR-383, miR-503, MALAT1 siRNA (siM), or NC RNA was transfected into cells. MALAT1 RNA expression was detected at 48 h after transfection (left). The transfection efficiency of different miRNAs was confirmed by quantitative PCR (right). Data were normalized to log 10 scale. E, inhibition of miR-101 or miR-217 up-regulates MALAT1 RNA expression. 20 nM antagamiR-101 (anti101), antagomiR-217 (anti217), and NC RNA were transfected into cells. MALAT1 and miRNAs expression was detected at 48 h after transfection. All data of MALAT1, Ago2, or Dicer expression were normalized to ␤-actin mRNA expression levels. All miRNA expression data were normalized to U6 small RNA expression. All results of the mean of triplicate assays with S.D. are presented. *, p Ͻ 0.05; **, p Ͻ 0.01. FEBRUARY 13, 2015 • VOLUME 290 • NUMBER 7
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Statistical Analyses-All data are presented as the means Ϯ S.D. unless stressed. Student's t test was used to examine the differences in luciferase reporter gene expression, and Spearman's correlation was used to test the significance of association between miR-101 or miR-217 expression and MALAT1 RNA expression. p Ͻ 0.05 was considered statistically significant. All analyses were performed with SPSS software package (Version 16.0, SPSS Inc.).
RESULTS
Identification of Candidate miRNAs Targeting MALAT1-
Photoactivatable ribonucleoside-enhanced cross-linking and immunoprecipitation (PAR-CLIP) is a biochemical method used for identifying the binding sites of cellular RNA-binding proteins and microRNA-containing ribonucleoprotein com-plexes. Using this method, Hafner et al. (33) drew a precise map binding sites of Ago proteins across the transcriptome of HEK293 cells. Based on these data, Jalali et al. evaluated systematic transcriptome wide lncRNA-miRNA interactions (24) , which provide a good resource for exploring the potential miRNA-dependent lncRNA regulation in human cells. Interestingly, we found that Ago2 protein probably binds to the 3Ј end region (from 6615 to 6650 nt) of MALAT1 lncRNA in human cells (Fig. 1A) . This MALAT1 6615-6650-nt region was highly conserved in different mammals (Fig. 1A ), suggesting its potential function significance as a posttranscriptional regulation region. MiRcode was then utilized to predict potential miRNA candidates, which may target this region. As a result, miR-101, miR-217, miR-383, and miR-503 were identified as candidates for further evaluations (Fig. 1A) . To verified whether MALAT1 might be regulated by miRNAs, we first knocked down Ago2 (the catalytic subunit of RNA-induced silencing complex, RISC) as well as Dicer (an essential enzyme during miRNA maturing) and examined expression changes of MALAT1 in ESCC cells (Fig. 1, B and  1C) . As expected, we found 1.2-1.5-fold elevated MALAT1 RNA expression after depressed Ago2 expression in KYSE30, KYSE150, and KYSE450 cells. Also, there was a 1.2-1.4-fold increased MALAT1 RNA expression after inhibition of Dicer expression in these cell lines. These results gave some clues that miRNAs might participate in MALAT1 regulation.
We then tested the possible regulation of MALAT1 RNA expression by miR-101, miR-217, miR-383, and miR-503 in ESCC cells (Fig. 1D ). Although overexpression of miR-101 and FEBRUARY 13, 2015 • VOLUME 290 • NUMBER 7 miR-217 could significantly inhibit MALAT1 RNA expression, miR-383 and miR-503 showed little impact. To validate this observation, antagomirs of miR-101 and miR-217 were employed to inhibit endogenous miR-101 and miR-217 expression. We found a 1.2-1.6-fold up-regulation of MALAT1 RNA expression in ESCC cells after transfection with antagomirs of both miRNAs (Fig. 1E) . Given the relative low endogenous expression of miR-101 and miR-217 in ESCC cell lines, it was possible that further inhibition of miR-101 and miR-217 by antagomirs only yielded a marginal effect on MALAT1 RNA expression, whereas their low expression in ECSS cells also provided a clue that miR-101 and miR-217 might be tumor suppressors.
miR-101 and miR-217 Silence MALAT1 in ESCC
Interaction of miR-101 or miR-217 and the MALAT1 RNA-To examine the potential miRNA-lincRNA interaction experimentally, a 343-bp human MALAT1 3Ј end region (from 6423 to 6765 nucleotides) was subcloned downstream of the firefly luciferase gene (named as pGL3-MAL) and co-transfected into KYSE30, KYSE150, and KYSE450 cells with miR-101 mimics, miR-217 mimics, or NC RNA. MiR-101 produced a 42.8, 58.4, and 41.5% decrease in relative luciferase activity compared with 
NC RNA-transfected KYSE30, KYSE150, and KYSE450 cells (all p Ͻ 0.05) (Fig. 2B, left panel) . Similarly, there was 30.3, 86.7, and 35.1% decreased relative luciferase activity in these ESCC cells with miR-217 overexpression compared with the NC RNA group (all p Ͻ 0.05) (Fig. 2B, left panel) . We also measured firefly luciferase mRNA expression with RT-quantitative PCR. As expected, pGL3-MAL firefly luciferase mRNA level was significantly inhibited by miR-101 or miR-217 ( Fig. 2B,  right panel) . An analogous reporter with point substitutions disrupting the target sites of miR-101 or miR-217 ( Fig. 2A) was also co-transfected with miR-101 mimics, miR-217 mimics, or NC RNA. There was no significant decrease in relative luciferase activity for cells transfected with miR-101 or miR-217 mimics compared with NC RNA-transfected cells (Fig. 2B, left panel) .
MiR-101 and miR-217 Inhibit Proliferation of ESCC Cells by G 2 /M Cell Cycle Arrest-It has been reported that lncRNA MALAT1 can modulate cellular proliferation through regulating cell cycle progression. Therefore, miR-101 and miR-217 may also be involved in control of ESCC cell growth through silencing MALAT1 RNA expression. We found that miR-101, miR-217, or MALAT1 siRNA could significantly inhibit proliferation of KYSE150 and KYSE30 cells in both a dose-dependent and time-dependent way (all p Ͻ 0.01) (Fig. 3A) . Colony formation assays also support the tumor suppressor role of both miR-NAs (Fig. 3B) .
To gain insight into the functional relevance of miR-101 and miR-217 through MALAT1 depletion, we examined the impacts of these miRNAs on KYSE30 cell cycle progression and apoptosis (Fig. 3C) . Compared with NC RNA-transfected KYSE30 cells, both miR-101 and miR-217 could result in a significantly reduced G 1 population (NC, 59.4%; miR-101, 31.7%; miR-217, 32.1%), marginally increased replication (S-phase) (NC, 30.9%; miR-101, 34.2%; miR-217, 42.5%), and significantly elevated G 2 /M population (NC, 9.6%; miR-101, 34.1%; miR-217, 25.4%). Similar results have been found in KYSE150 cells (Fig. 3, C and D) . However, no significant miRNA-induced apoptosis was observed in both cell lines (data not shown). Moreover, we did not observe a growth depression in KYSE450 cells (data not shown). FEBRUARY 13, 2015 • VOLUME 290 • NUMBER 7 JOURNAL OF BIOLOGICAL CHEMISTRY 3931
MiR-101 and miR-217 Inhibit Migration and Invasion of ESCC Cells-Because impacts of lncRNA MALAT1 on ESCC invasion and metastasis were still largely unclear, we investigated how siM, miR-101, and miR-217 regulate migration and invasion of ESCC cells. The wound-healing assays demonstrated that siM, miR-101, and miR-217 impaired the motility of the KYSE30, KYSE150, and KYSE450 cells compared with control cells transfected with NC RNA (Fig. 4A) . Next, the impact of miR-101 and miR-217 on invasiveness of KYSE30, KYSE150, and KYSE450 cells was determined using the Matrigel invasion assay system. Reduced invasion ability of ESCC cells was observed after elevated expression of miR-101 and miR-217 (Fig. 4B ). In line with this, MALAT1 siRNA can also inhibit the invasion of these ESCC cells (Fig. 4B) . We also confirmed this observation using antagomirs of miR-101 and miR-217 and found enhanced invasion ability of ESCC cells transfected with these antagomirs (Fig. 4B) .
miR-101 and miR-217 Modulate Expression of MALAT1 Downstream Genes-Considering the regulation of miR-101 and miR-217 on cell cycle progression as well as metastasis of ESCC cells, we examined expression of multiple MALAT1 downstream genes involved in cell cycle control (p21, p27, and B-MYB) and metastasis regulation (MIA2, ROBO1, CTHRC1, and CCT4) ( Fig. 5 ). Neither miR-101 nor miR-217 has been proven or has potential binding sites in these genes predicted by Targetscan. We found that overexpression of miR-101 and miR-217 or siM up-regulated expression of p21 and p27 and inhibited B-MYB expression in both KYSE30 and KYSE150 cell lines but not in KYSE450, which was consistent with our results on how these miRNAs influence ESCC cell proliferation and cell cycle. Moreover, miR-101, miR-217, or MALAT1 siRNA could not only increase expression of MIA2, HNF4G, and ROBO1, which are negative regulators of migration and invasion, but also depress expression of CCT4 and CTHRC1, which are positive regulators of metastasis, in all three ESCC cell lines.
miR-101 and miR-217 Are Negatively Correlated with MALAT1 RNA Expression in ESCC Tissues-We further examined expression of miR-101, miR-217, and lncRNA MALAT1 in 42 pairs of ESCC tissue samples, and adjacent normal tissues from two different medical centers. For Shandong cohort, significant up-regulation of MALAT1 in ESCC tissues was observed compared with normal tissues (p Ͻ 0.01) (see Fig. 6A ). There was significant down-regulation of miR-101 or miR-217 in ESCC specimens than normal tissues (Fig. 6A ). Interesting, we found significant negative correlation between miR-101 or miR-217 expression and MALAT1 RNA expression in ESCC or normal specimens using Spearman's correlation tests (all p Ͻ 0.05) (Fig. 6A) . Similar results were found in Huaian cohort (Fig.  6B) .
miR-101 and miR-217 Inhibit ESCC Growth in Vivo-We found that the growth of tumors from miR-101-up-regulated or miR-217-up-regulated xenografts was inhibited significantly compared with that of tumors formed from control xenografts after 2 weeks (both p Ͻ 0.01) (Fig. 7, A and B) . The growth of tumors from MALAT1-down-regulated xenografts was also inhibited significantly when compared with that of tumors formed from control xenografts (p Ͻ 0.01) (Fig. 7, A and B) . However, there were no significant differences of mice weight between controls or miRNA-or siM-treated groups (Fig. 7C ).
DISCUSSION
Although lncRNA MALAT1 has been investigated in multiple human cancers (15, (17) (18) (19) (20) (21) (22) (23) , little is known about its involvement and regulation in ESCC development. Our results demonstrate that an Ago2-dependent posttranscriptional regulation of MALAT1 by miR-101 and miR-217 exists in ESCC cells for the first time. Data from human malignant or normal esophageal tissues strongly support this observation as there was significantly negative correlation between these two miRNA expression levels and the MALAT1 RNA expression level. This posttranscriptional regulation of MALAT1 could lead to significantly depressed proliferation, migration, and invasion abilities of ESCC cells assuming the tumor suppressor role of miR-101 and miR-217.
As a highly conserved lncRNA across mammalian species, MALAT1 shows extreme abundance in many human cancers, underlining its functional importance during carcinogenesis. It has been shown that MALAT1 may play its part through several different mechanisms. The 3Ј end of MALAT1 could be cleaved by RNase P and RNase Z, which produces the cytoplasmic MALAT1-associated small cytoplasmic RNA (a new tRNA-like ncRNA) (34) . After localizing to nuclear speckles (35) , MALAT1 might modulate alternative splicing of a subset of pre-mRNAs by regulating serine/arginine splicing factors activity (36) . Moreover, MALAT1 can bind to CBX4 (Chromobox homolog 4), also referred to as Pc2 (Polycomb 2), a component of the polycomb repressive complex 1 (PRC1). This interaction controls the re-localization of PRC1 on interchromatin granules and silences or activates gene expression (37) . In this way MALAT1 influences proliferation, invasion, and migration of cancer cells through regulation of multiple known downstream genes, including several cell cycle control genes (p21, p27, and B-MYB) and metastasis-related genes (MIA2, ROBO1, CTHRC1, and CCT4), which we examined in this study.
Our data revealed that lncRNAs can be regulated by miRNAs at the posttranscriptional level. Dicer is a key enzyme during miRNA maturation. Therefore, knockdown of Dicer expression would result in decreased miRNA levels in cells. Consistent with this, we found increased MALAT1 RNA expression after Dicer depression in ESCC cells. Additionally, because Ago2 is essential for incorporation of mature miRNAs into RISC, decreased Ago2 expression might lead to attenuated function of miRNAs. In accordance with this, we observed increased MALAT1 RNA expression after Ago2 silencing, FEBRUARY 13, 2015 • VOLUME 290 • NUMBER 7 which might be due to inhibition of miR-101 and miR-217 function. Interestingly, Leucci et al. (27) and Han et al. (28) reported that miR-9 and miR-125b can target MALAT1 for degradation, which also supports the hypothesis that miRNAs are involved in regulation of lncRNA MALAT1.
miR-101 and miR-217 Silence MALAT1 in ESCC
As an important tumor-suppressive miRNA, miR-101, takes part in development of multiple human cancers through targeting several genes including EZH2, Cox-2, Mcl-1, and Fos (38 -40) . Similarly, it has been reported that miR-217 could function as a tumor suppressor in pancreatic ductal adenocarcinoma and clear cell renal cell carcinoma (41, 42) . However, the role of miR-101 or miR-217 in ESCC is still largely unclear. Our results indicate that miR-101 and miR-217 act as vital tumor suppressors at least partially through silencing MALAT1 in ESCC, which are consistent with their functions in other malignancies.
In the current study KYSE450 cells did not behave like other cells, which may be due to different ESCC cell lines are from different cancer patients with different genetic backgrounds. It is quite common to observe cellular behavior discrepancies among different cell lines after the same treatment even they belong to the same type of malignancy.
Taken together we identified lncRNA MALAT1 as a novel target of miR-101 and miR-217. As a result, this posttranscriptional regulation shows a significant impact on proliferation, invasion, and metastasis of ESCC cells. Our findings highlight the interaction between miRNAs and lncRNA MALAT1 during tumorigenesis and progression of esophageal cells.
